Rapid lamina propria retraction and zipper-like constriction of the epithelium preserves the epithelial lining in human small intestine exposed to ischaemia-reperfusion.
To ensure a sufficient barrier between a host and noxious luminal content, the intestinal epithelium must be equipped with efficient mechanisms to limit damage to the epithelial lining. Using a human model, we were able to investigate these mechanisms in the human gut exposed to ischaemia-reperfusion (IR) over the time course of 150 min. In 10 patients a part of jejunum, to be removed for surgical reasons, was selectively exposed to IR. Control tissue was collected, as well as tissue exposed to 30 min of ischaemia with 0, 30 or 120 min of reperfusion. Haematoxylin/eosin staining demonstrated the appearance of subepithelial spaces following 30 min of ischaemia, while the epithelial lining remained intact at this stage. Western blot for myosin light chain kinase (MLCK) revealed a significant increase in protein levels after ischaemia (p < 0.01), and selective staining of MLCK and phosphorylated MLC (pMLC) in lamina propria muscle fibres indicated that appearance of subepithelial spaces was a consequence of active villus contraction. Early during reperfusion, accumulation of pMLC was observed exclusively at the basal side of enterocytes that had lost contact with the collagen-IV-positive basement membrane. These epithelial sheets were pulled together like a zipper, even before these cells were shed. This constriction, verified by increased F-actin and pMLC double staining, accounted for a 45% reduction in virtual wound surface (p < 0.001) at 30 min of reperfusion. In addition, these mechanisms were involved in resealing remaining small epithelial defects, resulting in a fully restored epithelial lining within 120 min of reperfusion. In conclusion, we show in a human in vivo model that the human jejunum has the ability to preserve the epithelial lining during intestinal IR by rapid lamina propria contraction and zipper-like constriction of epithelial cells that are to be shed into the lumen. These newly described phenomena limit exposure to noxious luminal content.